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class of the nematic mesophase and sometimes classified as a separate mesophase is

‘the cholesteric mesthase This last hasa helical long range ordér imposed upon

‘the linear order of the nematic mesophase. Compounds displaying a cholesteric-

‘mesophase are’ optically active (chiral) and. the pitch. of ‘the hehcal twist is
20 determined by the nature and extent of the optlcal activity. 20
' Optically active liquid crystal materials, or mixtures, find use in electro-optical

‘devices of the cholesteric-to-nematic phase change kind; ‘or in applications where

the colour of the cholesteric mixture can cﬁange either with temperature

(thermochromlc apphcatlons—e g. surface thermography, temperature detection) ~ -
25 . or with the presence of an impurity (applications to detect unwanted partlcles, 25

liquids or vapours, e.g. atmospheric pollutants). -
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30 Where X is selected from the fcllowing groups— o 30




[err] 30 Wiere X is selected fromthe foll ow ng groups: -
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s a halogen (preferably- chlorine) or a nethyl group, or a hydrogen
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fi f the ntj temperature display device includes as its
tym cal ggpera ure ts(gnsFltlvlgfgggrty Fa lm% crystal material as defined above or a = 40

mixture of such material with a compatible material.

-The present invention will now be described by way of example only with
reference to the following examples which illustrate typical synthetic routes for the
preparation of materials in accordacne with the present invention, and which
45 - describe the physical properties of typlcal llqu1d crystal materials in accordance 45
with the present invention.
In the examples the followmg symbols have the meanmg assngned to them
below:—
(+): which refers to an optically active material whose isotropic solutions have _
50 a positive optical rotation angle. 50
(—): which refers to an optically active material whose isotropic solutions have
a negative optical rotation angle..
" [@]p?% which is an absolute measure of the rotary power (specific rotation) of
an optically active material when formmg a 10% w/v solution in -
55 chloroform at 20°C. 55




preparation of materials in accordacne with the present invention, and
whi ch 45 describe the physical properties of typical liquid crystal

materi al s-in—accordance 45 with the present invention ln the exanples the

foll ow ng synbol s have t he neani ng assi gned to them-below - (+): whi ch
refers to an optically active materi al V\/nose |sotrop|c sol uti ons have 50 @
/{

a positive optical rotation angle. - 50
(-): which refers to an optically active rraterl al whose i sotropic soI utions
have a negative »ptical rotation angl e. [apBgrewhich is an absol ute 3
neasure of ({the™rotary pgQ ota |on) Ol _an optically active
mat eri al \'ﬁ form ng ac aéyfp?g'% 0 atied’ 55 ~ chl orof orm at
200C _ S—-Smectch o - 55 - 3.
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esterification. - 20 EXAWPLE | The pro
(+)- 4 (2' -methyl butyl pheﬂﬂlpr cﬁ&eoff(?iﬁ V‘&&é&gﬁ@gﬁml %QT(S'I[OW@%I)&Q Al

CH30-'6-MBr [err] SStep B CH3. HH

tll)H(Q.CI—l(CIJCH]O St StepMi; The .' -

4- met hoxyphenyl -1 - Si radm de 25 En cfigroé]anhydrous condi tions,
4- br onoani sol e (0. 49 nol e) in sodiumdry et her \ 250 m) is added to-
magnesi umtur nings (0.5 g aton) covered with SOdI Q!Pr% ether (100 m). A

smal | volume (30 m) of the. sol ution is added to ths_magnesi um and a single .
crystal of :iodine is used to initiate the reaction. ce the reaction has

R S R G e e

conplete the reaction mxture'is
. Step Al: The production of 4-methoxyphenyl- l-magnesmm bromide

25 Under anhydrous conditions, 4-bromoanisole (0.49 mole) in sodium dry ether 25
(250 ml) is added to magnesium turnings (0.5 g atom) covered with sodium dry
ether (100 ml). A 'small volume (30 ml) of the solution is added to the magnesium
and a single crystal of iodine is used to initiate the reaction. Once the reaction has
begun, the remaining solution of 4-bromoanisole is added i drops so as to maintain

30 the reaction at a steady rate. When the addition is complete the reaction mlxture 1s 30
heated under reflux and stirred for one hour.

Step B1: The production of (+)-4-(2'-methy1butyl)-l-methoxybenzene
The- solution of Grignard reagent from 4-bromoanisole is cooled in an
ice bath and a solution of iron (III) chloride (0.05 mole) in ether (5 ml) is added
35 dropwise, followed immediately by a solution of (+)-2-methy1butyl bromide (0.49 35
T, mole) in sodium dry ether (100 ml). The mixture is then left to stir at room '
' temperature for 24 hr, and finally heated under reflux for 12 hr.

.. . On cooling, the mixture is poured into a 10% hydrochlorlc acid solution (1500
' .ml) at 0°C and stirred for 1 hr. The product is extracted into ether (3x200 ml) and
40 the combined ether extracts are washed with water (3x200 ml) and dried (Na,SO,). 40
. The ether is ¢vaporated off and the oily residue distilled, collectmg the fraction
boiling between 205°—212°C at 400 mm Hg.
_ (+)-2'-methylbutyl bromide is prepared as follows
To a stirred solution of commercially available’ (=)-2-methylbutanol (0. 34 .

45 mole) in dry ‘Analar” Registered Trade Mark)’ pyndme (0.12 mole) is added in 45
drops phosphorus tribromide (0.136 mole). The temperatire during the addition is
maintained below 15°C by cooling the mixture in an ice bath. The white emulsion
which forms is stirred at room temperature for 2 hours. After this time the crude

_ bromide is distilled from the emulsion under reduced pressure (300 mm Hg) until
50 . the mixture turns orange and ‘seeths’. - - _ 50



heat ed under reflux and stirred for one hour. Step B 1: The production of
(+)-4-(2' -nmethyl butyl)- 1-nmethoxybenzene. The solution of Gignard reagent
from4-bromanisole is cooled in an ice bath _and a solution of iraon LII1)
chloride (0.05 nole) in ether (5 m) is added 35 dropwi se, followed
JJmedi ately by a solution of (+)-2-met hyl butyl brom de, (0.49 35 nole) in
i um dry ether (100 nl). The mixture is then left to stir at room °
mperature for 24 hr and finally heated under reflux for 12 hr. On
eooding, the mxture is pouredi,s0s0sa 10% hydrochl oric acid sel ution (1500
0O M) at 0 I 1 d Tnto. ether
(o200 e e SARL el By Mo Bl T Mot 18R BEET T 0\ S00°
(3x200 n ) (@l shdivedhyda®BGplutioniOxThmlet her i s evaporat ed off and the oily
due d| %l’)l‘ﬁt@d?xi?dl‘lp, he fraction boiling between 2050-ZI20C at
& tdosedents iﬁ %&dgwaq}ﬂ?e is prepared as follows: ¥o a stirred
soI utlon of(e)dﬁuagrqm]loarﬂ]y avai | abl'e (-)-2-nethyl butanol. (0.34 45  nole)
|n dry ' Anallhalsblu séltl@rqydrThmi aéfonalng}aén‘gtéa}é (Dlegtgq Il%r::btgéle) is added in
durlng the
ad tlonrfgl "'e ?}F‘gf d&?ﬁ agél:?y éoollngthe mixture in arf% ce bath.
The whi tStepe(mI'me(ynodnbumlrbff(erm'-mmhgbutylnprhdmat room. terrperature for 2 hours.
After thjs (t}2-mp ylbvtuldté- l%t 'F‘Plgd qopgentt fbeilisgrul si on- under
reducedqﬁ D e Q’Qwﬁﬁ{r % YdrqeRn UMt P 8°¢G PR or ange and

seeths'”. On Eolmg, the mixture-is poured into water (1000 mi) and stirred ¥oGB8RO76 15
4 The c rm@mklust 1s|elmaceed| igtotetheg mnd)th elcn mtd oltegiwashedwithiand. 40/ 600C,, 100

m) and grigd sgptanp r distilled a1:0- 3X50 ni); (b)
wat er (3‘32"—’5'3‘\’a ?5“’ °1!5batht° ‘{"ﬁ ﬁ /osu r'?zb%g% B rfxbgtq (d) -
concent rra-&@ﬂmﬁ:ulm&mmﬁbﬁmcﬂﬁanﬁﬂam Q-alks(la)blmhﬁwcérmxyl:a@cndd) The sol ution
i s2®ri ed over anh the sol vent, s t hedd evapor at ed
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10 St ep Etentsmlfpamb@ﬂmﬂ of é‘h4 (2" - rreth Ibutyl phenol 5')

4-2%' - d%ﬁ%atww offea- H‘d)’@?‘Bb“ﬁ‘Z erboryficpsid i lﬁavfe)m ferleit bo? ing

-hydrogen ‘water (96 m) and 45% w v hydrogen brom'de in acetic

aci.d (140 rr1) are heated undexampiE? for 6 hr. On cooling, the mixture is

. poured into wate Al ) and stlrredfor Q.5 .. 15 The pr.oduct is

- extract edn-lcﬁtl-q,’ 4 EN Gorbi-ned g P q fogi th and dried
(Na2S™4) etk : ary .evapor at §d1 (i e resi due distilled

at 0.1 mmHg. at an oil bath terrperature of 1600C and is found to be 99.2%

| 4-5-Ocfy armbipbwytr@ 1 nmale) kﬁlglsﬁql‘te etha kfy -
d
At ot oL i poapn ol B aoflin 0 o
straighty ﬁk‘é’ﬂu ﬁ'tll n of ammonia ceases. Then the mixéte 4 diufdkyl and

4-n- al kylwmx qmeowhmandcmd; Witl caudedsated dyjroehbariceati %hhydr ol ysis of the
‘cogg espohﬂﬁh s Bt for fc‘%‘?°’51’é‘"éﬂ’ﬁﬁ%‘9€¥°§i’ﬁ°tysra %] abl g, and of
whi'ch t h&" Bk 5 iﬂ;ﬁ‘ %‘ %é‘ﬁnsdﬁgcrl bed, for exarrpl e, in UK Patent
SpeC| ficat | 156P63 SIR0238.5°C; N-I, 242.6°C :
' (+)-4-Branched-alkyl- and -alkyloxy-b1phenyl-4 carboxyhc acids can be
- prepared by the same route of hydrolysing the corresponding cyano-compounds.
40 . Alternatively the (+)-4-branched-alkyloxybiphenyl-4’-carboxylic. acid can be 40 -
: obtained from the corresponding (+)-4-branched-alkyloxyblp enyl by a' Fridel- : =

Crafts acylation to introduce a—CO.CH; group into the 4’-position in the blphenyl
ring followed by its oxidation to a carboxyllc acrd group. . _ L

- Preparation and Availability of the requrred 4-subst1tuted benzoic aclds
45 -+ 4-AlKylbenizoic acids are either commercially available of-may bé prepared by 45
“standard synthetic  methods. such as the acetylation of commercially available
alkylbénzenes (Friedel-Crafts Acetylation) followed by hypobromite oxidation -of
“the 4-alkylacetophenone to the: corresponding:-acid- as descrrbed by Gray and
Brynmor Jones, J. Chem Soc., 1954, 678. :

50 4-Alkyloxybenzoic acids | may be readily prepared. One way of preparmg ‘these 50
- .materials is by the standard method of alkylating hydroxy aromatic carboxylic -
‘acids described by Gray and Brynimor Jones, J Chem Soc. 1954 678; in this case the '
'startmg material is 4-hydroxybenzorc acid. '

Substltuted 4-alky10xybenzorc acrd may.be prepared by standard synthetlc

55 ‘routes, 35
- 2-Chloro-4-alkyloxybenzorc acids may be prcpared by the followmg route:- -



25 The preparation of 4-n-octyl bi phenyl-4'carboxylic acid is given
in Exanple.2 25 by way of exanple. EXAMPLE 2 C8 N
-C H CO0 4-n-Cetyl-4' - cyanobi phenyl. . (0.015. .nmole) s —
di ssolved in nethanol (50 m) and 30 the solution added to a mixture of _
pot assi um hydroxi de (0.54 nole) and sodium 30 hydroxr de (0.75 nmole) in @

nmet hanol (40 m ) ,and wat er (20 m). The mixture i's heated under reflux
until the evolution of anmonia ceases. "Then the m xture is diluted with'
water (100 m) and acidified with concent n,aomjs_hydr ochloric acid. The 5
acidified xtire 1s heated to 80C TOFg Oé-l cool ed, pﬂd the acld product

is filtered™35 of f and crystallr vucefromg _

35 The product has the follow ng congls CS., 7 ~Se N, 238.50C, N
242.6C (+)-4- Branched- al kyI and - al xy-—b'i-p'rm'ny carboxylic acids can
be prepared \b‘y the same. route of hydyodl ysing the cofrespondi ng

cyano- conpounds. 40 - Alternativel M t he OR _ a .
(+) - 4- br anched- al kyl oxybi.phenyl - 41- car box I|c acr d can be . 40 obtai ned from
t he correspondi ng “3‘95? A ma!hkté‘gwaﬁ Beynmpy Hpaps J Chent Sac.

acyl ation to introduggiay ooy cadeigliivil ¥d"”t"ﬁ'§°3‘° g f-hydserybenzeif @cifliasheny |
ring followed by its oxz-mtﬂ Malkﬂo@baaéxba&ulak SaiGg chaGprigUp. 45 5
Preparation and Avai l abZ-Metgrl-‘bﬂkxlmbchraclmnw-bybmqiareﬂLWebb fiollowing wukcisds

4- Al kyl berfzoi ¢ aci dsS% P8t 8iEXABPIE So¥io¥F ci al |y avail abl e or may be prepared
by 45 standard synthetic netho@¥, such-as the acet®/f@RHzon of .comercially

avai | abl ezal kyl benzenes (Friedelc Crafts,, Acetylatiok) followed by
hypobromite oxi dation of the -@ yI acsﬁ-&B-léc\e he corresponding acid
as described by Gay and Brynme -3 ﬁ Chem SB 1954, 678. 50 :
4- Al kyl oxybenzoi ¢ acids may be readr y prepared On w5930f preparing these
50 materials is by the standard nethod of al kyl atinjg hydroxy. aromatic
carboxylic acids described by Gay and Brynm)r Jonek Step B3hermt Soc. 1954
678; in this case the starting material- i s 4-hydroxy¢benzoic acid.
Substituted 4-al kyl oxybenzor c aci d may be pr epar ed standard synthetic 55
routes. - ' '
55 2-Chl or o- 4 aI kyI oxybenzor c
5

descri bed by Gray -and. Brynnor J @ 5|3Chem Soc 1951-__5[E and using
commerci al | y avail abl.e 2-chl oro- elﬁ'kﬂdroxybenzor ¢ act 3 starting rraterr al |
5 2- Met hyl - 4- al kyI oxybenzoi.c agid as starting -material. :

5 2- Met hyl - 4- al kyl oxybenzoi ¢ acids ma 'bgf@ggpared by the foll ow ng route
as set out ‘in Exanple 3 beI ow. O—| : Qerr] Step A3
Step B8 OR . _ OH

the foll oW rtg rout e:

-Ht he standard rret hod

~ 'COOH
. EXAMPLE 3 I
; 10 Step A3: 10
o " 3-methylphenyl acetate may be prepared by the standard acetylation of m-

cresol as described in “Practical Organic Chemistry” by Al Vogel, Longmans
Green and Co London 3rd edltron, p 699 The product b01ls at 210°C

Step BS o
15 4-hydroxy-2-methylacetophenone may be produced by the standard Fries 15
'-' Rearrangement of aryl-alkanoates described in ‘Organic Reactions’, Vol 1 (Editor
-II%OC}(l:lef R Adams) John Wlley & Sons Inc., NY P 354 The product has mp.
P .

irz

) Step C3: :
20 . 4-alkyloxy-2-methy1acetophenones may be produced by the well known 20
- method of heating a solution of the- 4-hydroxy-2-methylacetophenone (1 mole) and
~the alkyl bromide (1.2 mole) in cyclohexanone, together with solid, anhydrous
otassium carbonate (4—S5 moles). The mixture is heated and stirred for 4—5 hr. It
is then filtered to remove inorganic material, which is washed with a solvent such as
25 ether The combined filtrate and ethereal washings  are distilled. to remove the 25



CH3 COCH3 CO H3 Step D3 OR [err] COOH EXAMPLE 3 10.
Step A3: 3-nethyl phenyl acetate may be prepared by the standard acetyl ation
-~ of m cresol as described in "Practical (rganic Chemistry" by Al Voge|,

Longmans Green and Co London, 3rd edition, p 699. The product boils at 210
. Step B3: 15 4- hydr oxy- 2- net hyl acet ophenone nmay be produced: by
\ e standard Fries 15 Rearrangenent of aryl al kanoat'es-described in
/Organic Reactions', Vol 1 (Editor in 'Chief: R Adans), John Wley & Sons

. Incé, NY, P 354. The product hensomp 1300C. Step C3: 20 . 6
- 4-"al kyT oxy- 2- net hyl.acet.ophenones .may . be, proguced. Dy T ne F—kmown 20
met hod ciﬁfﬁ%ﬁ?fﬁgﬁ%ﬁﬁ&f&#ﬁﬂéﬁﬁﬂ%fu"fi fie %'—cﬁ%/grf s(%(?-q‘éy 'ﬁ@tt‘ YPaE &t ophenoﬁ'e/ (1 nol e)
~and the alk brom de (1.2 nmole) in cyclohexanone, together with solid,
anhydrgwpgé=ts?ﬁml§%%£ogft eﬁf('(‘f'fiy 'm‘{%{ej;cs 'ézyTl%{eer]rixr Eﬂrﬁ i s. heat edand
stisrre oﬁ(ﬂii&”ﬁ?«%f-ac sﬂ% ; d E $‘§ WCm&er al, which
| s “washestayiel amsloj%%eiwg&m 0899 ,g'%fé’). R e ea 171 trate and

et her ealke_tga_emitt)ltngsa:llbgﬁoe _s_i‘:lihfx;tdh bof s@d;uglfllypm’llytile a B%—4026, the argenéatic |

1, 603, 072gid is obtained by aci ification and- 1tr_ation.' e pro c§d}r¢,@mi_ d bhe residue i s then
di sti| | SGegiigsien fromebiohr essureto yield the pure. 4- -

al joyl oxy- 2- met hyl acet ophenon&xAMMIE £3: . 2- net hyl - 4-al kyl oxybengoi ¢ aci ds
may be prodhisegxample hdescribendshed prenamsign oftrags-4-alkylcysloherané-bn of ?h'e acetyl
group uSPRGNVSAFgHPHPE SYloRe Ul ut i on as described by 5 Gray & Brynnor

Jones (J Chem sk@pis 678) t S¥eptgucat re fi~af met hyl ketone with an
al kal i ne sdg of "so |ué ' romte athE CE&&B% aromatic acizd is
obtained. by acidrfication and TTltration. The products are purified by

cryst allisation fromethanol. 10 St p'ct.- _ EXAMPLE
4 This exanple describes the preparatpjon Prahs 4 al kyl cycl ohexane-| -

10 carboxylic acigds-by the.following redte: Step AL_ R ag Step 64
"RBJ-. (H3 Step f @ - Q@WM&IDDEI’OUQ normal , branched or
branched and chirs—/ 15 . . CertaM~ al kyl benzenes, particularly
n-gslpk,yl berrrcRdsan alk gmpmapnifmlHr%l&ﬁor_avaichabtrd;chwherwi se they nust be

ch
pr €bar ed_f (CspriBr @ forcho iculpgly ﬂrﬁyu’ﬁg]ée?' nze_'e r SPTBHCR Y (+)48rans-4- (2
g BT

o - a&ﬁ _ §ibaEne by way of
(+) 3 kliie)i by wayste+ Mi-inkthi1bwylbénzel Ml nbe ble dascritieyl bpivaexanpl e.
of example. _ - . . _

20 " Step A4: The production ‘of (+)-2-methylbutylbenzene o L
A solution of bromobenzene (0.51 mole) in sodium dried diethyl ether (200 ml)-
is added in drops to magnesium turnings (0.51 g atom) in sodium dried ether (50
mi). A single crystal of iodine is added to initiate the reaction, which is kept going
by the addition of the bromobenzene. When addition is complete the solution is
25 heated under reflux for 1 hr. : '
The solution of the Grignard reagent is then cooled in an ice bath and iron(lII)
chloride (0.0025 mole) in ether (2 ml) is added. A solution of (+)-2-methylbutyl
" bromide (0.54 mole) in sodium dried ether (100 ml) is then added over 30 min. The
mixture ‘is left to stir for 48 hrs.at 25°C. The mixture is then poured into a 203
30 solution of hydrochloric acid in water, cooled to 0°C and stirred for 30 min. The - 30
' product is extracted into ether and the extracts washed with water and dried
(Na,SO,). The ether is evaporated off and the oily residue distilled. The fraction of
(+)-2-methylbutylbenzene boiling at 120°C is collected at a pressure of 15 mm of
mercury.

20

25

35 Step B4:. The production of (+)-4-(2'-methylbutyl)acetophenone . o
__ Crushed, anhydrous aluminium trichioride (0.295 mole) is suspended in dry
carbon disulphide (80 ml).. Acetyl chloride (0.25 mole).and (+)-2-methylbutyl- . -
benzene (0.23 mole), prepared in Step A4, are dissolved in dry carbon disulphide :
(80 ml) and added to the suspension of aluminium trichloride under anhydrous.
40 conditions. The mixture is then left to stir overnight. The solvent is distilled from 40
-the reaction mixture and the viscous residue poured onto crushed ice and stirred
_ for 30 min. The product is extracted into ether, washed with water and dried
(Na,SO,). The ether is removed by rotary evaporation and the oily residue distilled.
The product boils at 95°C at a pressure of 0.1 mm of mercury. ,

45 Step C4: The production of (+)-4-(2"-methylbutyl)benzoic acid e
A solution' of sodium-hypobromite prepared by dissolving bromine (156g) in.a
solution of sodium hydroxide (3.5 mole).in water (700 ml) at 0°C is added to a well
stirred solution of (+)-4-(2'-methylbutyl) acetophenone (0.2 mole), mole), prepared
in Step B4, in dioxan (500 mi). Throughout:the addition, and for 15 minutes after
50 the addition, the temperature is' maintained at 35—40°C. The excess of sodium 50

45



20 Step A4: The production of (+)-2-nethyl butyl benzene

20 A sol ution of bronobenzene (0.51 nole) in sodiumdried diethyl ether

(200 M) dis added in drops to magnesiumturnings (0 51 g aton) in, sodium

dried ether (50 m). A single crystal of iodine is added to initiate the
reaction, which is kept going by the addition of the bronpbenzene. Wen
addition is conplete-:the solutionis 25 ° heat ed under reflux for | hr. - [)/
25 The solution of the Gignard reagent is then cooled in an ice bath and
iron(lll) chI or iqde (0 0025 nol e) in ether (25(1310761 s added. A solution of 17
(+)-2-meth utyl ) maried.etner

then- added over 30 iRy ﬁé‘?&éfﬁ L LRy Eplidr o Spdiin filaplaihc Matee” 1o
m xture is then pourehtsohltxon ia adi0itieB@ith concm}awdll@drociﬂorh:yadrdmhItl&rprEcn;aﬁted in

wat er, cooled tQ O CP ¢ filtered off nd 3@sheil rwith Tvater. |ést crystallisgd fradt ed
into ether and- ?he eX é@teh&i%é‘lipvﬂftﬂff'gﬂi‘i“élfsséﬁ'd“gﬁgp Na2SO4) . The et her

i s evaporated of f andteéphs4: qht yrodesiod u;e(mtﬁhM tzeﬂkethﬁbayrﬁdyasﬁdxm-105arboxyhc
(+) - 2- net hyl butyI benzenecnlbm I I ng at OOC is collected at a pressure of 15

nm of mercury. ¥dr§}1 ﬁie:z -yoglve in vbater i zoacm?lzé o Zat?%;iq;g@;%gzm

(+)-4-(2' - et hylbbUt Yo st (10g) in an autocl
alum nium trichl ori daydroge Qﬂi lm)hm-) folrsoatss red6lihg) the Qhtyllystds Hitsded]ofs dhd thed e

(80 m). Acetyl chl oﬂtﬂﬁe ?g& l@ lwg sebmtydancbeﬁéﬁqb e 2
1

5.

10

mol e), prépared in Sﬁgﬁ

Sl i)
and added to tHhé susmﬂﬁsth&m YNFha 1§ mlénrisq @H'ﬁ%eﬁﬂﬁmﬁg%@% of40 s
condi ti ong. The -m xt thieur¢s Aflgesuchafdatrant sAith rthnoutea the ystalh Iaenasar al/ fonined B :

distilled from 40 t ﬁ@erF%a@ﬂhGﬁ ‘kf ré‘t d’s??‘%"é % (399 ont 0
crushed ice and stirfgeh ybg e Ine-t. isd‘la @ﬂ?é}f}ﬁﬁ et
washed with waler aladledmhe teﬂ &drcﬁmm Tteteﬂreyns -

evapor ation and the 6V4 fareésﬁ ltodlllqt ryslalise frcmuettortvm esmatlsggitc at a

pressure of 0.1 mm of R«}‘ﬁffc‘“ﬁﬁ%n‘&:‘ S R

(+)-4-(2'" -nethyl buty en20|c acl | O of " sodi um _
hypobronite pre red by di ssol vi: n brom nEX(\m’ﬂigs | nma sol ution of sodi um

hydroxi de (3. 5 ' ahion -bﬁtto’wé?ﬂzo%n (Thised - 25
sol ution of (+)-4- (2'65%%53@ ff Ioceh "t?,fﬁ T;l )Tet Skpar ed
in Step B4, in di oxame{Hybutyljp l)enolTlhE &lﬁnoﬁ li/eﬂfin toﬁi& Itﬁfhe anut es
after 50 th addllleﬂm and $thpk alpeazvfjgae together wn@ qmlyrat: ampeds eftsulpburitOacd anfihe
excess of sodi um 50 1251c ?Cld Aftef lligatgon from ethanol/water, the product has the m.p. - 30

7 hypobronite is destrogqsks b bk Fresen bdnBBn Of dMBythd Ahtesul phite.
Water (3.5 L) is added andsbro&rrg?%rmlﬁg di sti IIedefp??r%t% reaction .

m xture.” On cooling, the sokm(@gﬂlmu kedcowlt h concentrat ed :
hydrochl oric acid and the preci pitated product is-filtered off and washed .
with water. The product is crystallised from 5 et hanol /water. The
mp. of the colourless crys¢mlpsggs 130 C. = 5 Step D4:

The production of (+)- trans-ﬂ—(i*Hﬂ{H IC)-Igyt:H —0l0c-xar boxyl i c
acid A solution of (+)-4-(2 -nethyl butyl)benzdi c aci 0.2 nole) in sodium
hydr oxi de (0. 2085 nol @herdiX% do4 thecmeaningnsperifiéd BEreinbsfore santl \Expwple fais edtypialt he 35
presence 10 of Kefprifiratigncyielfing acampeund of @g)Pf‘?sﬁmdﬁ"ea oclave (1 1) at

195 C and a . pressure of 10 hydrogen of 1gQapippef@r 30 hrs. On cooling, the
catalyst i=s filtered of g;;?ﬂdudmeff(h)—#-(ﬁhﬁth%ﬁﬂ?ﬂ@ewnh(Mﬂ&ﬂiylbufPhﬁpmylmus

| ayer is separated amserbexyiath.fi ed. The precipitated acids are extracted into
et her andut he Q{Oher %{(t rggts are washed with-.

(+)-4-(2”-methylbuty1)b1phenyl-4'-carboxyhc acid (0. 002 mole), prepared as 40
mentioned earlier, is heated with thionyl chloride (20 ml) under anhydrous
cconditions for 1.5 hr. The excess of thionyl chloride is removed by distillation under

' reduced pressure. The acid chloride residue is used in the next step without further :
- 45 purlﬁcatlon o _ 45

Ste B6:

(+)-4-(2"-methylbutyl)b1phenyl-4’-carboxyllc a<:1d chioride (0.002 mole)
prepared in Step A6, is dissolved in dry pyridine. (10 ml) and cooled in an ice bath.
(+)-4-(2'-methylbutyl)phenyl (0.002 mole) is added to the stirred solution and the

50 mixture is left for 18 hr to rise to room temperature. It is then heated at 100°C for 1 50
- hr. The pyridine is removed by rotary ev Foratlon and the residue is purified by -
column chromatography using a silica gel column eluted with chloroform. The

~.combined fractions of ester are crystallised from hexane or ethanol.



water and then dried (Na2SO4). The ether is distilled off and the acids are
di ssol ved 15 in nethanol (200 m). The solution is treated successively
_ Wi _ i t he
crystalline material formed is filtered off. The conbined crystallisates
ae dissolved in a 5% solution (800 m) of potassi.um hydroxide in water.
irs solution is acidified andthe(+) trans-4-(2'- -
et hyl but yl ) cycl ohexane- |-carboxylic acid which precipitat es out is
ext& acted into 20 et her.  M#3,088 her extract is washed w th{ water and
dri ed (Nased)l thEMenétliNtidindddiscloddd if YRR %g b QG eRr OdUCT IS
crystal lptdp ¥ lag@hemmpe Gsa{i%ﬂvenllﬁélgg‘ (35% %ﬁ% ; wers of thi's class
of car b&ytpmem(ﬂ@'&r(? y anal o%ous rret hods Whl ch WI Il be

dl atdgtle 35&% s?aﬁiarz@ eclilf(gl{,a;é th? rép FIH;est J u -

Pr epar alok e ladlixthirk)wi éxptur O%Hipﬁﬁ ?ﬁmﬁl hgl{sé‘ 6i1mydr Oxyéenzoate

his 25 esterfication may be carried out. by the method described by
Lovvr ance - (Tet. Lett. 1971, 34BturePhe reactants (2-chl, oro 4- hydr oxybenzoi ¢
aci.d and (+)4-(2'- &&{pmnpsutyl yphenol: i n equi nol ; s) are dissolved
i Lot ol uene and 4he@) "lcfhnobipiRap and. St ark appar at ug 4t3<‘.’)get her wpth catalytic
amount s -of sul gm,n;oatmnmem .boric acid. Afti@r  crystallisation
from et hanol /v 8-C; lhas the m p.. 30 14% C.- Esters enbodyi ng
the present in Tye: gﬂé_t #gpbythe route:: X-gCOH SteD A6 Step B6
Step B+)-CH C CH3 35 ‘ V\/nere X has .t he neani ngs

p‘écn fied Méhets thmsstovaecmeﬂ @Xampmtlee ﬂs re!atnvypmpattmns are gi®&h est asi fication
yi el di'ndt Hedelftstitable of the present - i nvention.. EXAMPLE 6 Preparation of
(+)-4-(2' - met hyl butyI )phenyl ﬁ(Ba_Enpt hyl butyl )b| phenyl 4' - carboxyl ate. 40
Step A640 (+)4-(2"- utyl)bl_;p |- 4~wcar boxyl i-c aci d (0.002 nol e),
prepared.as nenti ong o,og S =Ye Ma-ghi onyl chloride (20 m)
under anhydrous condit for 1.° ' s excess of thionyl chloride is
renoved bygdistilla@gi og yndgrsredyjsetg pregsefe. ¢he aggidnchl ori de residue
i spoused in the nextQ)st efoyw (fayut - facu er 4’?(:) (°|01)|r| f(ggtl on.2045 Step B6:

(+) - 4- (20-Cehbt hy | blﬁﬁgl ) biphenyt-4"- boxyl1 ide (0.002 "nole)
prepar ed:'g 1St ep § i s—di ssal ved. G é‘b)dr d{ n 10 and cooled in an
i ce bat hay.c[H}} - 4- (35 e thy! buiyl ) phegiyl. (01 NDJ48)

|sogxplded to the stirred
“sqlution-.and the 50 -~ mixture is left for 18 hr to ri-se to room
‘ténfperature. I't is then heatedABLEI®OC for 1 - 50 hr:. The pyri ne. is -

jue i's purlfied by colum

| renoved by rotary eva tion _ang ARe r £
chromat ogr aphy usiRg Q:che T with chloroform The -

conbi ned fractions of ster are cr stal I rsed from hexane or et hanol - 8
1,603,076 R 8,-Ch 8 rn‘g t Réclyener al net hod
di scl osed i HExarrpl 6(7@ abo@é:)varl § estl( ) t preﬁg‘ d and their
phyosi cal - I‘é&@é’rtl es Bt i ¥y | n g Ta 70.09 beg W i n whipch
' n-C,,H25 L0167 772 1320 C—. 1612 023
. TABLE3
Rc—.—o oc —.-—OR
. "R CS/I S.Ch  Chl  Pitch R )
35 (°C) ¢0) Q) (um) 35
n-CcH,, 380 — (36.7) 0.23 R - "
n-CH,s .. 455 — . (363 023 . o o
n-CH,, . 415 — (40 023~ o _
n-CH,, 495 (37 2) .42z, 023 . L
40 . n-CoHz . . 418, 422 453 - 023 S 40
| TABLE 4 . )
_Rco-.oc.on o
R CI Ch-I*--'. | jPite'h‘ B .
. : : — (oc) ) (°C) m) e . oo
45 . n-CH,, - (__1) 23 S -45

* Vlrtual Ch—I temperature



R represents (+)-CH CH2. CH(CH3). CH2- Where the property "pitch" is quoted
in the tables below it has been 5 determ ned by standard

spect r opho —on.the pure.sample 5 %or 40—

adm xture with Mxture A, themcorrpo-3|t|on of which is quoted beI ow. M xture

A Conposi tion Conmponents g (wt 0/() 10 _
4-n- C5H, , - 4" - cyanobi phenyl : 43 10 7
4-n- C H70-4' - cyanobi phenyl - _ 17 U
4-n- C5H, , 04" - cydnobi phenyl 1,603,076 13 4-n-CH1, 0-4 9
- cyanobi phe\/l ' ' 17r,s(lBLrE§:H 1- 4f cyano- p-ter phenyl
10 15 Wiere the test was carrieq out on xturethe relative
proportions are given 15 in the: rﬂ*am RL R P 0. CC
R R &S SH SF 'SrSC SI/S SA- v Ch- |. - Pitch 20
(10 (OC) (O (O - C) nCh-I*  Pitch** 20 n-C H11
66. 0 CH?? - (°C(}33 °C) " 15Gm) . 0.23 n-C6HI3 ~ ~ 81.0
- - %71 0) o 132. 6 54 '146. '2’{1) 0. n- C_:7H15 o T74.6 - 5
75.0 138. 4 144 n@i(:.H9 0.23 pfd CgH(=14) - ‘B9 65.8. 71.2 . 84.2.
136. 2 141.3 0. 23 ni(’&Hu 170 @ - 20 ' TABLE 2
25 0. 0C Ch te ra“ . SESc . SCSA _SA-_Ch
SAfch-1 - Pi tdh - ' l\ﬁt red usmgﬁ wt’ /, solu{lmn Mlxturé QE) - (CQ) 10
(Jm n-Cg-HL7 78.0 - 0.23 30 '
n- C H19 ) l?ze@ammg tablegzallgelate tq_@gmgounds I;_ap@g@hnral groups at both
30 n-Cl2H25 - 76°“f’s Hegmolosule. 130 0 - .. 161.2  0.23 TABLE |
3 Rc 0 PC ~ ORR TABS G SA-Ch : Ch 1
Pitch 35 ' 10 (0 - (a o
35 n-C6H13 . 38.0 R@OPQ - _C.ﬂaﬂncmm?scu 45.5
- (36.3). 0.23 n-C,,H 47, 6) .0.23
n- CO9H, 9 119 5 wheré 3%1,2he confpbind/is an o0ilO-vizfalOH-I, —53°C. n- C C]—IZl B 15
41.8 42.2 - 45.3 The pitcly oDan § agpisolutivom M@‘tureAlsllﬂm ' - ORR
C I Ch-1* .. Pltch (OC) (00 (PABLE- n- CH, 5-6
(-2) 0.23 Vi rtual -
t enper at ur e 9 Rc—-.—o oc —.—.—(CHﬂ"QB'U@H:{b% CH:;
9 .
o " CCh. . S8, . SCh ChI - _Blt_ch*__i.-"'-"..-
200 Lo (°C) " (°C) 0 (em) 20
T A CHSS. 19 Ty
' 3 834 (743) E (81)- 1135 .7 3.0 '
A. ' * The pitch is measured using a 5%, by weight concentration in Mixture
25 - .  TABLE 8 I s

Rc—.—o oc «b—o oc (-_.C-_Hé),;F-H..lC..H3)-.l(.:-H2..tH3"- :

CCh: . Chi ' Pitch

_ °C) °C) m)
. 1 ( N5 10
30 o TABLE 9 30
3 ' —0ICHy), -CHICH3)-CHp CHg
n CS, S8, S-Ch ~ Chl  Pitch
- (°C) (°C) = (°Q) (°C) (pm)
1 87.8 - (85.3) 1234 1445 46
5 * Pitch measured for a 10% by weight solution in Mixture A ' 35

It should be noted at this point that where chirality in a molecule results from
an optically active alkyl or alkyoxy group which has its point of asymmetry at an .
odd number of atoms from the ring system and the absolute configuration at the
asymmetric centre is S, then the cholesteric helix is laevo. Conversely, when the
40 asymmetric centre (S) is at an even number of atoms from the ring system then the 40
cholesterics are dextro in type .



_ 5 n-C3HZ 240 (1) 2

TABLES Rc O CC R R C 1 Ch-
(00) (Wn) 5 C2H 2.0 (-33)
On

| Pitch* (CQ)
0
0]

2.
(1) - CAH9 22 (= 14)
2.0 n-CH11 17.0 (7) 2.0 * Virtual Ch-1 terrperature * %
Measured using a 12 wt % solution in Mxture A s 10 The
mai ning tables all relate t'o compounds . having chi ral’ groups, at bot h:ends
t he nol ecul e. TABLE6 R 0.0-C KH2),In C CH3)
ZoCHB 15 where n=l, theleop(mound is an 0|I-V|rtual CHi{p -53 C..

e Pt % %ﬁolecule%o% ains mémr}lrapcen ‘éﬁ oi'est%rlc IABLI: \7150 *
- 9H2W Gizd pe as defined then the pit ength resultmg Itch* 20
( CE) m{tef3l is less (t that of tHe. &a)ogous fakkrial withOordeDdhiral centre.
Convgrsely if the two chiral centres p aﬁglog cholesteruggluzps of opppsite3dypes (81) .7 N 113 5.

| 3 0 * Thﬁl ‘}ggﬁ' ﬁnaﬁg’aﬁ@mﬁgﬁﬁ%ﬂ ﬁ%alﬂ?e%lp{:}m lepgfh thantthet j onSin™ M xture

A 25 The pure materials detailed in Tables 1 to 9 above afticular interest
. 25 Rc- egwhen usdd.as hixtures (sol@ions) witbofidanother or with other bd@inia)ible Tidhid CHS) CH2CH3 n

. formin i dvan| a ly the lﬁYpl d 4-n-pik -4-
.CI.: AMLE 9 cygﬁaipheny}fmﬁ%ﬁe attg eriva vget Z—terph(e s0. an30 I;'Fl .y!})xy' 0. éO 30

oW CK( CI—B%“SHZf l]CHS n Phase-Chénge Mix{uresA SA- Ch Ch- | Pitch (00
(00 ollowing(mjgtures are ¢xamples| of phase-changﬁ:hgestencé g8 .tlsse 123.4  144.5
4.6 35 m‘g‘t_“”R ’ep_rese"tslf’f)f%ﬁet?’rﬂﬁ%‘ﬂr ed for a 10% by wei ght solution in

M xture A - 3570t shcmi)@hh@moted at this point that where .
chi¥ality ina nol ecule results froman optical | yCamgadsitien al kyl jr al kyoxy
group whi cm’has |ts Fﬁ pofentssymmret ry at - an. . oddrbdmsight of atons from the
ring syste ute configuration at the as§)3rmetri c centre is S,

then therg g : d-laEIWtH Qgrp,vg(_lsel y,. when the 40
“asynmetric- re ? ) t an €ven 8f _atom; romthe ring system
t hen thepltﬁ,goe,‘l),g{ Q:%tlej"]hés are’ dext ro | n type .10

1, 603, 076 : 10 Thus when a mol ecul e
coRains two chiral centres leX'PU]bEdrmte chol esteric helices gf the sanme
~type as defined above, CIhen tge pitch-length of tg%‘;{ 'qllltlng material is
| ess than tiatuoh t he anaroydts material with one”cHpi ¥ ™ centre.

Rr—.—o oc—.—cuch(cH3) CHZCH3 s

Pitch=1.1 um; 'Ch-l 62°C . T -. e . s SO
MIXTURE 3. S .
Composition
Components _ % by weight
Mixture A 91

r-@—o oc—@—cu2 CH(CH3) EHZCH3 . “
Rc—@—o.oc{@} CHpCHICH3).CHpCHy - 4
: : 2. : ’ '

Pitch=1.0 um; Ch-I 67.4°C

Thermochromlc Misxture
The followmg mixtures are examples of possible thermochromlc compositions
35 mcorporatmg the afore-mentioned esters. ' B 35



Conversely if the two chiral centres pronote cholesteric helices of

opposite types 5 as described above, then the material will have a

greater pitch length than the 5 anal ogou i

centre The pure materials detailed in Tables | to 9 above are of particul ar

i nterest when used as mixtures (solutions) with one another or with other /
conpatible liqui-d crystal form ng materials, *advantageously the 4-n-al kyl (5[
and 4-n-al kyl oxy-4'- 10 cyanobi phenyl.s and rel ated derivatives of R
p-terphenyl. 11 : ~ 10 Phase 1@ba0vge M xtures The followi ng 11

m xtures age exanpl es of phase-change chang@ltlﬁ{g £S. In these mxtures R
represents (+)-2-methyl butyl. ‘M XTURE 1 15 : Composition '

Conposi tion 15 Corrponent s  Components % by weight wei ght

M xture A (gee above) 88yRc = CC

CH2. CH(LH3) . O 2LH3 - c8H17 TEE0.7 m Ch-1 576820

M XTURE 2 CorrpOSItlon o ent s o by wei ght .

M xture A R o [err]

0C-~5~- - cH2. CH (cHB)R 'O[HR‘ - '8.2'5% ﬁ% L pm
URE

Ch-1 620C

Conposi tion Corrponenps@ —@—C H-‘n - % by wei gb4 M xt ure* A
91 30 [ert ] 3) CH |C HC2CH . 2CH3
5 - 30 C 0 : CH(CHB) CH2. CH3 ' 4

Pitch=1.0 m Ch-I (A@Qj 1@ ‘zrﬁ:;z%_fnollowgc m xtures are
exanpl es~of possiblet chr.om onpa i ong o ncorporatl ng t he

af ore-nenti oneg esters. 35

1. 603, 076 N Selt’,cii\::i Reflection R C)l | 5
Corrp05| tion Conponents . - Yellow . % by wei ght t- C8 12 31
1SC, 21[err] A o xCh-, 4408eC Rc.Ct CH  ‘[err] 23-
26 35 - 10 . Sel UrARPe et | ect i on & 10
Temp (10 o 5 Red : 26 o
Yel | ow L . MIXTBIREG een ' -
33 : C Composmon

Components - - % by wexght

Rc—.—e oc—.—ocsnﬁ-n S

. LS,'-_Ch,T'2'4.5°C
18 fch-1, 39°C

15 Selective Reﬂectlon Tem'-' °C 15
. Red . L ' 2g§ ) s
Yellow . : 24.6 '
green . 24.7
_ : urquoise : 24.9 :
20 Blue : : : 25.2 20
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10 Tur quoi se

41 10 Bl ue
43 10- M- )GFUREJ\%Genﬂpesa—t—l—eﬂ—eonponent S % by
~weight S-Ch, 24.50C0 G -O 8HL7 18 Ch-1, 390C 23 15
Sel ective Ref | ection . TenP - 15 Red
2.5 Yellow | : . 24.6 Green - . o
: ZzTurquoi se _ . 24.9 20 _
e 1,603,076 252 _ 202 12
1, 603076 : 'MIXTURE 6 12 M XTURE 6 Corrp05|t|b
Corrponents -~ %b Y wei ght 45 &30"1]??@0" :
4 21 SA—Ch 18. 5cC RC Components o'y - % by weight 14
-1, 0 .20 SeI ecti veu
Ref | ect | oﬂ CCHCN-Te_rrp (0 - 451 5 Red
23.5 Yel | ow ' -"25.5 G een

26. 6 Turquoi se -. S - 33.40 10 -
Bl ue -Gy Ho O @ CN o350 AT g0 Although none of
t he above disclosed niXtdres is believed to be aLrFA&ks ¢63¥%Cc, no separation

of any co on@ has bee verserved over- severql hr'h)fr’t?]é: WHAT | CLAIMIS: -

1. Aliqui |ch|s an -estdf lhaving the formula 15
(+)-CH3. CH2 och[ERR] _ 15 where X is

one of the f 8 - T-‘l‘ O OC wHere R'i's a normal or
branched & u
fifteen carb atom; ete Y is ahalogen or a methyl group, or a 20

& may-be chir | havi ng 20 | ess telran
hydfogen at om 2. A |sbngg Refi¥dba! material " which g, @?rrpound as cl ai ned
in claiml or.-ra m xture Rddereof with ot her conpat i bl 23, erial s"and which

exhi bits a chol esteric g¥, 25 3. Alli quﬂ:ﬁi:rystal mat eri al as
~claimed in claim?2 and kS an eutectlc 25 m xt _ C
10 Blue e 350 10
. Althdugh_ none of the above diselds'ed'r'ri'i'xtures is believed to be an eutectic,

no separation-'of “any component has been over'se‘r‘ved over several months.

WHAT I CLAIM IS:—
I. A 11qu1d crystal compound whleh is an ester havmg the formula

15 I—CHyH, cmcn3xcn 5

where X is one of the following

p

o oo

where R is a normal or branched chain alkyl group, which may be chlral havmg
20 less than fifteen carbon atoms, and where Y is a halogen or a methyl group, or a 20
hydrogen atom.
' 2. A liquid crystal material which is a compound as claimed in claim | or a
ni:xture thereof with other compatible materials and which exhibits a cholesteric
ase
25 3. A liquid crystal material as claimed in claim 2 and which is an eutectic 25
. mixture.
4. A liquid crystal material as claimed in claim 2 or claim 3 and wherem the
- molecules are arranged in a helical formation such that a film of the phase in the
o . Grandjean plane texture rotates the plane of polarisation of incident polarised :
30 light, and reflects elliptically . polarised light of "specific wavelengths when 30
: ﬂlummated by ordinary light. :



4. Aliquid crystal material as clainmed in claim2 or claim3 and.wherein
t he nol gcuNes are arranged in a helical formation such that a filmof the

phase i e Grandj ean plane texture .rotates the plane of polarisation of

i nci dent alzigan 30 Light n_ad ref] &603076| | iptically polarised || g2

of specific wavel engths when 30 illum nbaseyeordinary |ight. 12 (
1, 603076 12 M XTUREC@m@sitiposi t i on

Conponent s % by wEPBPRNeRLs C3 - % by weight N

45 [ N R 1 FANCh, _18.50C Ch-1, 43.?0 RcO_. [ OORc

14 20 Sel ective Ref"‘éeﬁm @ @ CN Temp (0C) 3 5 Red

23.5 Yel | ow 25.5 Geen

26. 6 Turquoi se _ +33.0 10
Bl ue | ﬂ-quZCN_ 35.0 1% | t hough none of
t he above discl osed m xtures”is bet)ieved to be an eutecticbSa6h.si83&€ati on

of any conponent haa b oversery ver several nonths. /@WF“P-O AIM | S: -

1. Aliquid crystal 0\ ester having th# fornula 15
| (+)-CIH3.t H2CH(CH 3). . OC-
following {-ORX R _angd y oR\e| where R.is a pormal or
branched chain al kyR; w‘@a.‘ ' \@ iral, having %b | ess t han
fifteen carbon atons, &md where“v’is & MNal ogen or a nethyl” group, or a 20
hydrogen at-orfh 2. A liquid crysgtehiviBlefbdith Which is a corrppq-ggpqscc?cl ai med
inclaiml or a mxture thereof WRdd ot her conpati ble material 23.dand whi ch
exhibits a chol esteric phase. 25 Yellow 3 A |jquid crystal m@férial as
claimed inclaim?2 and which is ar?;féﬂ?%gt ic 25 mixture. 4. A Izgﬂui d
crystal matel al as clained in cl @i or claim3 and wherein t359 nol ecul gs
are arranged in a helical formation such that a filmof the phase in the

G andj ean *pl ane t ext uAlshqugh aonesofitheatpive disclofed maiktares isdtelievad &f be ancqutkstic,

pol ari sed 30 - | P AEParating) of &y exmronent|hay beenAverseryes oyer sevaral I“Qh‘f‘s-of

speci fic wavel engt hs WRE(r 1 69 AM tgnat ed by ordinary |ight.

1. A liquid crystal compound which is an ester having the formula

L5 | (+)-c-n3.c1-|2.cmcn3xtn2 00e—x - g

where X is one of the following

X -5 where X{is one of the

Y,

- OOl o

o Yo
-~R
: —0R
where R is a normal or branched chain alkyl group, which may be chiral, having
20 less than fifteen carbon atoms, and where Y is a halogen or a methyl group, or a 20
hydrogen atom.
_ 2. A liquid crystal material which is a compound as claimed in claim 1 or a
nﬂxture thereof with other compatible materials and which exhibits a cholesteric
phase.
25 3. A liquid crystal material as claimed in claim 2 and which is an eutectic 25
mixture. '
4. A liquid crystal material as claimed in claim 2 or claim 3 and wherein the
molecules are arranged in a helical formation such that a film of the phase in the

Grandjean plane texture rotates the plane of polarisation of incident polarised
30 light, and reflects elliptically polarised light of specific wavelengths when 30

illuminated by ordinary light.
R R




13 1, 603, 076

13 5. Aliquid crystal material as clained in any one precedi ng claimand

whi ch includes one or nore of 4-n- = ' j ; -
and rel ated p- terphenyl derivatives. 6. An electro-optic display device of _
t he phase-change type which includes as .5 its liquid crystal material

a conpound or m.xture (solution) of conpounds as 5 clainmed in any

one preceding claim 7. An electro-optic device as claimed in claim6 and

whi ch includes 13 pleochroic dye.in its |idwosiomwrystal naterial. 8. A 13
terrpe_ratur\rdl spl ay dewl &Qiquilchtal Mstbitl G5 clBmed InSany SHPHreAlathG Rlafe AR fHidte 10
material a Tiquid crigdides oriE&irefdrabf4aSalB)H-adrmmhlkdily-d’l-@ambﬂ)hafyls&rﬂrrela‘,tb@.pm 5

and wherein 10 the theh¢ hﬁeﬂf"@ir"ﬂmlo |tch that is t ture
dependent 3o hat g (L EHIELTASS j}iﬁﬁ By r‘gg; o
refl ected en illumg Efl day opé esggmg |sc cterrstic

tenperature of the Ii qm dmccl toaiptwraiemq as clamedAanlqmlﬁaod y@ieal mdodwpaund as

claimed in claiml sﬂl"dé ﬁyya' N glgtﬂcmathn%clug (s)reteqnesc bed .an dwth
particul ar 1 efigr encendibtiaf R iaul Gryg atniﬁ e claim &%%aé’ﬁbﬁd\dm@w oneyg

of Tables, 1, 2 or 4hé¢ Gelitah dﬂﬁmohas oftaefirh ahat 9 tei ra&ireﬂép’eﬁd@pkd) cthaﬂltsqol ay

devi ce of the phase el gﬁ! thf$ lud’e#l@sthlrr—%ect e
material a liquid cr ! “QQE}O 'ﬁﬂg“ﬂpereof
substanti‘al |y @s hergidipe oeer&s ﬁdd méum remaé |a€1 .ﬁrof compounds :
reference to M xt ured;scllbed)maanymé ufs‘l‘abdaes e2 ionédo Beiven hdnrelhbnfec

20 11. Atthernochronjc 'é gispl ?théé’f °rﬂh9<stelj’P@‘ YPE W lff‘d.“c %t al
Comonds:as o al edt FRATPA FAR e e ki o "ano
Wi th parti CU| ao ref &Eﬁfh@@eﬁﬂw li('ESUTQSS cﬁxﬁv efined l\kﬁélMﬁf fined -

herei nbefore. 12. Ate Aaﬂlmﬂ@c ) p whigh inclydeng mixture of i

d 1
sensitive materi al ? g'f?xlll:r ieaire ‘ﬁg‘ s%hdeégn qw:re goaeﬁa?,q‘&‘f}’m 11
25 13. A conpound a 121 AR {pbﬂatu‘i?é)&lépmy 45t tentpetatur £1t@ve%atérﬁla

n-al kyl . 14. Asconpatberchoasomicanirmet isrciahead mcla’iinand wherein R is n-C H13. 25
30 15. A conpddnd campeindapgldimed in Flaith] 2wl whrteinielbein R s

n-C, H 5 - 30 - 16. A conpo as_e¢laimed in claim13 and_ _
wherein R is n-C8HL7. 17. A conmpound as C n cl'aim 13 and wherein.R

s n-CH19. 18. Acorrpound as claimed in cIa|m13 and vvherelnR' |s

n-Cl0H2,. D. J. ls &M‘t for th nted for. : o
Mej esty: s St at3oonery %%"l E“Q? ﬁ l:ﬁ £ 6 pa 1981 30
Publ i shed by The Patenqﬁ gpgy.g #4) 1ﬁr113 4 é,@ger Q. ]j WC2A IA :

from whi ch copi es may bb A)bttmpommtias claimed in claim 13 and wherein R’ is n-CoH,,.
8. A compound as claimed in claim 13 and wherein R’ is n-C, H,,.
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